Diverse learning opportunities and deep engagement are needed to support development of engineering competencies and expertise. Deep engagement evolves from productive and high-quality motivation that derives from both internal and external sources. Motivation to learn is lacking in many fields, like engineering, because it is too often assumed or ignored, rather than explicitly built into course instruction. While the lack of motivation in engineering education is clear in data-like attrition, there is little relevant research that informs the necessary changes for the field. The purpose of this study is to present a systematic approach that explicitly considers motivational elements in engineering courses. First a comprehensive set of motivational characteristics and the interrelationships for productive motivation of mechanical engineering students are identified. Students' motivational characteristics and profiles of change over time are assessed using a multipoint predictive correlational design. This information is then used to strategically redesign motivational elements of a senior-level mechanical engineering design course. The SUCCESS framework has been used to redesign motivational features of the existing course. This paper reports results of the study, including implications for redesign of other engineering courses. Analysis of the data demonstrates the complexity of motivation in the engineering classroom, which includes addressing implicit and explicit, intrinsic and extrinsic, individual and team interaction and instruction. These elements extend not only to direct communication and interactions of instructor with students but into the full scope of the learning environment, peer-to-peer interactions, grading, (a)synchronous activities, face to face, and virtual communications. Key features of engineering students' productive (learning and engagement-related) motivational profiles consisted of clusters of perceptual and experiential variables that were strongly correlated with motivational and learning outcomes. Tracking these factors demonstrated that they changed over time. These changes corresponded to perceptions of instructor and peer interactions, which were amenable to instructional intervention and responsive to social modeling. This study also revealed links among engineering students' perceptions of their field of study, their own development of self-efficacy, and success expectations in both the design course and for their careers. This work revealed important distinctions between engineering students' self-efficacy for, and engagement in, the course generally and for group tasks more specifically. These newly revealed relationships offer the opportunity to improve engineering instruction and the design of dynamic learning environments that support adaptive skill development.
The United States faces an unprecedented shortage of talented professionals in applied technical design fields such as engineering, 6, 7 and the alignment of engineering curricula with actual demands in the field is in question. 8 In addition, high attrition and demotivation in US engineering education have resulted in a shortage of well-prepared next-generation engineers. 9, 10 Both course and program completion run low for engineering programs overall. [11] [12] [13] [14] [15] [16] Attrition is high, yet less than 10% of students leave due to low grades or failure, 17 indicating that this decrease in the number of students is due to other factors, such as motivation.
Engineering educators and instructional designers need to understand the motivational dynamic of attrition and the potential of motivational enhancement to address shortages and quality gaps in engineering. In this paper, a comprehensive set of motivational characteristics are used to develop a motivational profile of students in a mechanical engineering (ME) design course. This paper presents an approach for mapping and redesign of ME design course activities using the SUCCESS framework for motivation to support competency development. A comprehensive set of measures are used to assess motivational characteristics of students. Motivational changes over the semester are evaluated to understand the influence of the design course on student motivation in engineering. The SUCCESS framework is presented in ''The SUCCESS framework: Strategic tool for motivation integration'' section, followed by the experimental design approach and method presented in the following section. Results of the study and discussion are presented in the subsequent sections, respectively.
Motivational characteristics for engineering students
A number of motivational characteristics generalize well across disciplines, to promote learning and transfer to professional practice. Some of these characteristics have been highlighted in the limited existing motivational research in engineering. Personal motivational characteristics demonstrated as functionally positive and important for engineering education include: interest, 18 positive task outcome expectancies, 18, 19 and expectancy for success in engineering. 13 In engineering, as in other fields, various forms of efficacy support learning and performance, particularly in the face of challenges: general self-efficacy, 20 engineering self-efficacy, 13 and coping efficacy. 21 A motivational factor reducing learning and performance in engineering education is performance anxiety. 19 Perceptual field and content-specific factors supporting success include: engineering intrinsic interest value, attainment value and extrinsic utility value, identification with engineering, engineering achievement, and engineering career plans. 13 Major choice goals (i.e. how long a student intends to remain in engineering) also influence motivation to learn in the short term. 18 One study demonstrated that engineering students' expectancy-and value-related beliefs may decrease over the first year of study. 13 Learning climates of design courses need to motivate and engage students to be resourceful and genuinely interested in the course material, collaborate with peers, and interact with instructors inside and outside of class. 22 Strategies to promote self-efficacy in engineering need to integrate mastery experiences, and the identification of valued skills, conveying the importance of skills to learners, and provide vicarious success experiences with verbal encouragement. 20, 23 Engaging course climates for engineering courses are dependent on instructor accessibility and openness to student questions, use of appropriate technologies to illustrate concepts, and teaching strategies that offer immediate feedback. 24 These studies have illustrated motivational characteristics important to engineering education, but few research studies have operationalized specific strategies to promote productive motivation in engineering design courses.
Engineering requires both advanced technical skills and creative elements of expertise, like other scholarly and applied design professions. 25, 26 Historically engineering graduates lack critical professional skills and meta-skills (e.g. critical thinking, problem-solving, communication, and teamwork). [27] [28] [29] [30] [31] [32] Next-generation engineers need skills adaptive enough to address changing needs 33, 34 and innovative enough to address unforeseen challenges, 6 including the highest possible level of meta-competencies. [35] [36] [37] [38] [39] Consistent engagement in higher level cognitive activities (e.g. analysis, synthesis, and evaluation) leading to adaptive design expertise requires more than following new rote processes or procedures. Engineering learners need to develop higher order habits of mind. [40] [41] [42] [43] In such an effort, it is important to recognize the nature and complexity of motivation. It is nonlinear, and optimal motivation is not as simple as highest scores on a set of motivational characteristics linked to success. Many studies in education have demonstrated that an optimal motivational profile includes the complex interactions of multiple motivational factors, both personal and environmental. 44 Recent studies in applied design skills outside of engineering have further shown that motivation for maximum learning often includes readjustment (a ''reality check'') and reconfiguration of factors to support growth and expertise development. 45, 46 For example, for teachers from other disciplines learning engineering for the first time, motivational adaptation to support development demonstrated similar patterns, including an early downward trend in some perceptions, followed by recovery and reconfiguration. 47 A common assumption of project-based course design is that projects themselves are motivating. 7 Active learning (hands-on and project-based learning) is generally more motivating and engaging than passive learning (such as by lecture and reading alone). [48] [49] [50] However, the nature and goals of any given project may be more motivating (e.g. more interesting, important, and engaging) for some learners than others, based on their values, priorities, and prior experiences. [51] [52] [53] Thus, for different learners, different designs and environments for project-based learning can have very different motivational effects. 1 Effective educational projects for engineering are not simple and neatly defined but are more often ill-defined, without ''right'' or absolute answers, amenable to a range of possible solutions. [54] [55] [56] This paper focused on motivational characteristics demonstrated to support productive development of both technical skills and meta-competencies, because both are prerequisite to expert problem-solving.
The SUCCESS framework: Strategic tool for motivation integration
Within learning environments, every item of information, activity, appearance by an instructor, and assessment has motivational potential. 56 If they are not proactively designed to be positively motivating, any of these features may present implicitly negative motivational consequences. 57 Motivation is a rich and complex area of research and practice, informed by myriad theories, subfields, and perspectives, and its very richness can leave educators and course designers confused. 56 The SUCCESS framework of motivating opportunities for instructional design is a tool for systematically integrating an array of useful, theoretically based motivating principles into any instruction. 57, 58 The seven-part framework provides structure for applying the principles, and the SUCCESS mnemonic cues application across all aspects of instruction (Table 1) . It can be used to identify existing motivating elements of instruction and support optimizing potentials of instruction to fill gaps. Table 1 shows the key components of the SUCCESS model (far left), defines and operationalizes each component (middle column), and illustrates motivating strategies for each component in the design course being studied (right column). 
Redesign experiment in engineering education
Having seen reduced engagement and synthesis of learning over the past few years, the course professor identified the need to improve students' motivation. The course redesign involved collecting data for a comprehensive set of motional characteristics and to show correlational clustering of characteristics and as trajectories of change, for one cohort of students over a single semester. Recognizing the complexity of factors that can influence students' motivation, learning, and design performance, and informed by the student motivational profile, the educator and a researcher-designer collaboratively redesigned the motivational aspects of the course, using the SUCCESS framework to structure that process. They proceeded intentionally and systematically, not assuming that any existing element (such as the course being project based, or the use of digital technologies) was already optimally motivating. Instead, they used existing design components as foundational starting points to build a more motivating, and dynamic, whole-course design. This required considering the course and learning environment as an integrative and coherent whole, together much more than the sum of its parts.
Research design
The study was a predictive correlational design, using an instructional intervention, assessing relevant factors at baseline and two subsequent points, on a theoretical change trajectory. The researchers proposed that motivational characteristics would demonstrate productive adjustment over time, where productive adjustment does not necessarily equate to positive directionality. The research questions addressed in this paper are:
1. What are the nature and characteristics of motivation these ME seniors initially have for a senior-level design course and how do they change over time? 2. What motivational characteristics are associated most strongly with students' overall motivation and how do the relationships among these characteristics change over the semester-long project-based design course?
Overview of approach
Course design. Principles of Engineering Design is a required undergraduate ME course, with 80 students enrolled in a single section. Immediately preceding the senior capstone design course, it gives students the opportunity to synthesize and integrate 80 previous hours of mathematics, physics, and other coursework through applied design projects. The semester-long course meets twice weekly for 75-min sessions, over a 14-week semester (28 meetings, 150 contact hours). The overarching course goal is for learners to demonstrate that with appropriate support they can do eight ME performance tasks (Table 2 ). These tasks are demonstrated in several assignments, as summarized in Figure 1 . Some are completed individually and others in stable (semester-long) teams (of four to five students). The course is taught by a tenured full professor in ME, who has taught this course annually for 13 years. His philosophy of instruction is linking engineering fundamentals to a range of professional applications through project-based learning. The professor uses lecture with questioning and discussion to introduce design principles linked to students' previous courses. Lectures are accompanied and illustrated by Powerpoint slides, presented in class and uploaded to the course management system website. The instructor also uses short assignments and inclass activities, which reinforce lecture materials, to facilitate understanding.
There are no prescheduled outside labs or content-based examinations. Students are required to meet in project teams, scheduled at their choice of times and locations, and course grades are composites of grades on the applied design assignments. Students synthesize and apply content holistically on projects, with instructor and peer support, feedback, and discussion. Projects are completed mostly outside of class, shared with the class as verbal narration and demonstration of functional prototypes, with written reports submitted to the instructor. Students spend about 60% of class time in lecture and 40% in various forms of dialog (questioning, discussion, feedback, in-class activities). ; participating students were all senior ME majors with similar academic prior knowledge and experience, having taken the same requisite courses, over the previous two years (but not all together the same semesters). All entered the program with (required) high math and science aptitude scores (SAT average 1280; math 600-700; combined ACT 28.3; ACT Math range 32-25). They are preparing for similar future careers. IRB approval was obtained to conduct the study. The study included students who consented to participate.
Student diversity, in the program and course, has increased over recent years, across characteristics such as socioeconomic status, race and ethnicity, nations of origin, family status, and career experience. Gender balance is 88% male, 12% female; 90-95% are traditional students and only 5-10% nontraditional; about 94% are US citizens, 6% international students, with 5-10% non-Native English speakers.
Procedures. The course instructor and an instructional designer (a professor in instructional psychology and technology) identified key characteristics and variables from the motivational literature and collected data assessing these characteristics, to determine initial motivational profile and change over time among participants. With only one section of the course, no explicit nonintervention comparison group was possible. They systematically analyzed the instructional and motivational features of the course. Then they used the SUCCESS framework to add motivational enhancements to course activities and elements of the broader learning environment.
Data collection was administered by an individual other than the course instructor. All participant data were deidentified using personal code numbers, on data collection instruments and materials, and in the data set used for analysis. Some measures were administered multiple times (as appropriate) over the semester-long course (Time 1: course entry, Time 2: mid-point, Time 3: end of course), to support evaluating trajectory of change over time. All aspects of the study design were approved by the institution's human subjects research office. The schedule for all data sources is shown, integrated with other course activities, in Figure 1 .
Motivational measures
Previously well-validated and reliable measures (contextualized for this group) were used to assess participants' cognitive, affective, and perceptual characteristics. All questionnaire instruments were standardized to seven-point Likert-type continuous numeric scales (anchored: 1 ¼ ''strongly disagree'' to 7 ¼ ''strongly agree'').
Below are summaries of the constructs and characteristics assessed in the study. Table 3 shows the design characteristics of these measures, including the names and definitions of the constructs or variables, length of scales, reliability (within this group), and sample items (questions). Each scale contained multiple and reverse questions. The Cronbach's Alpha for each scale (>0.75) indicated high level of reliability.
A. Individual differences-Predictive: A set of relatively stable individual differences has been demonstrated by previous research to influence motivation, learning, and performance. 59 The cluster of individual difference characteristics assessed include: need for cognition, preference for interactive learning, need and tolerance for structure, conscientiousness, and persistence. B. Individual differences-Motivational: The cluster of individual motivational differences assessed included: intrinsic and extrinsic reasons for choosing this major, learning and performance goals, future goals/relevance to future plans, self-efficacy for the course and for the profession of ME, individual success expectations in the course and career, and success expectations for the team (see Table 3 for details). This set of individual motivational differences (some stable and others more malleable) has been demonstrated by previous research to influence context-specific learning and performance. 60 C. Perceptions of course climate and content: Perceptual factors of both the course content and the way the course was taught critically influence motivation, learning, and performance. Perceptions of content assessed included: value, relevance, and utility of the course content. Perceptions of course climate included: climate promoted by professor's style, interactions with peers, and team activities. D. Perceptions of ME-The profession: Perceptions of ME included the degree to which level of intelligence, hard work/challenge, and math-science aptitude and other perceived aptitudes and characteristics are needed to be successful in this field. E. Motivational engagement and participation: Students' motivation was operationalized as engagement, effort, and participation in the course and course-related tasks (a widely accepted proxy measure for overall motivation in educational research). Measures included: self-report of cognitive engagement and effort on individual and team course-related tasks, self-report of behavioral engagement in individual activities, and peer report of behavioral engagement in team meetings and collaborative tasks.
Analysis
To address the research questions (''Research design'' section), the researchers utilized a range of descriptive, comparative, and correlational methods. First, a profile of the engineering students' initial motivational characteristics was generated by using mean scores of the relevant variables and examining the correlational connections among them. Second, changes in student characteristics were tracked over time by mapping the trajectories of mean scores across all three sets of assessments and conducting t-tests of significant patterns of change between the points of assessment. The relationships among the characteristics were examined by the correlational data at each point and over time. Third, point-in-time relationships between class climate and students' motivational profiles were investigated by explicitly aligning their characteristics at each point with course design and outcomes. For all correlational data, a relationship is judged significant only if it meets the criteria of a magnitude of at least r ¼ .50 and (two-tailed) significance of p .01. For the paired-samples t-tests, the target level of significance was set at p .05. Given the sample size (N ¼ 80), these constitute rigorous statistical standards. 67 
Results

Initial motivational profile
The first research question was: ''What are the nature and characteristics of motivation these ME seniors initially have for a senior-level design course?'' A profile of the engineering students' initial motivational characteristics was generated using mean scores on the relevant variables (Table 4) and by examining the correlational connections among them (Figure 2) .
At the beginning of the semester, there was a cluster of characteristics with generally higher scores, and a set with relatively lower scores. The motivational and perceptual characteristics generally clustered high, identifying a positive profile overall, with room for additional refinement. The students evidenced higher need for cognition (5.21) and interactive learning environments (5.20) than for structured learning environments (4.34). Their related high persistence (5.75), conscientiousness (5.22), course self-efficacy (5.76), and success expectations (5.97) presented promise to carry them through challenges of design synthesis and application. Their combination of higher internal (5.25) than external (4.16) reasons for choosing ME, along with high career self-efficacy (5.97), supported engagement, learning, and development, as did higher learning and future goals (5.70) than performance goals (3.73). Initially high perceived value (5.41), relevance (5.51), and utility for the course (6.00), with beliefs that hard work (5.52) would lead to success more than innate intelligence (3.88), positioned them with a reasonably successful motivational profile. Overall, the integrated profile of these ME students began as positive and theoretically productive, so the motivational task of the course and professor was to maintain and support their existing motivation through the challenges of the design course and to promote motivation for those who were lacking in particular productive characteristics.
Initial high scores may also reflect past experiences and degree of challenge not entirely aligned with the challenge presented by the new course expectations. As this design course would be the first time these students were asked to fully integrate and synthesize all of their previous knowledge and skills in authentic, applied design, an adjustment was expected, a ''reality check'' of expectations. Such patterns had been found previously in similar studies in other disciplines. 26, 28 If and when that occurred, the task of the instructor would be to support the students' motivations to succeed through that experience, as they recalibrated. Beyond their individual initial levels, the students' motivation profile also consisted of the interrelations of these characteristics to one another, as demonstrated through intercorrelations.
Among this group of ME students, there were familiar and theoretically consistent patterns of relationships, and some that had not previously been reported in published studies of engineering education. Self-Efficacy for the ME Profession (B3) and Learning and Future Goals (B4) were closely related to success expectations for course and career. Learning and Future Goals related to students' perception of value (C1), relevance (C2), and utility (C3) of the design course. Intrinsic (B1), rather than extrinsic (B2), reasons for selecting ME as a profession correlated with overall motivation. Student perception of other aptitudes (D4) (working in team, continuous learning, and creativity) needed by mechanical engineers was correlated better with self-efficacy for ME as a profession, course, and other factors, than were science and math aptitude (D3). However, students who thought ME required natural intelligence (D1) were also likely to think it required math and science aptitude (D3), but these did not correlate with motivation overall. Most students believed that ME requires collaborative thinking and creativity to tackle challenging problems, which was consistent with their previous experience with this program. Conscientiousness (A4) and persistence (A5) were correlated with selfefficacy for ME as a profession (B3), self-efficacy for the design course (B6), and success expectations for the design course (B8).
Motivational trajectories of change over time
The incremental and sequential changes were examined in design students' motivation-related characteristics over time, by mapping the trajectories of mean scores across all three points in time. Comparing all three points provided more complete information on trajectory, illuminating change that a simpler prepost comparison would overlook. The correlational data at each point for any relational shifts were also examined. These are divided into individual (more stable) motivational characteristics (Figure 3(a) ), interpersonal and team (more contextual characteristics) (Figure 3(b) ), and environmental (instructionally malleable characteristics) (Figure 3(c) and (d) ).
As illustrated visually in the trajectory-of-change graph (Figure 3 ), a number of motivational characteristics demonstrated adjustments over the course, as students adapted to the new course and skill demands, to the learning environment, and to each other. Some motivational characteristics dipped and then recovered to varying degrees. Characteristics with statistically significant dips are perceptions of the content (value, utility, and relevance) along with learning and future goals. The course involved students using design tools and steps that required a higher level of cognitive engagement rather than focusing on test-and-refine processes, which most students are familiar and comfortable with. To learners who have previously worked in very hands-on practice, the combination of complex synthesis and managing abstract concepts appears to have created some surprise and confusion mid-term, but then these perceptions recovered as they sorted out the new demands and synthesized to design goals near the end. Patterns on team learning indicated initial dips that did not recover. Learners in the ME curriculum have limited experience working in teams in previous course work. Hence, inefficiencies of team functioning could have contributed to this significant decrease in mean scores, because individuals might have felt that it took much longer to learn the material in a team setting and they could have learned the same things in a shorter time with less effort.
Although there was not a statistically significant change (Figure 3 ), a number of factors peaked and then leveled, demonstrating upward motion followed by a slight drop. These included: self-efficacy for career in ME, success expectations individually for career, and perception of math-science aptitude needed for the ME profession. It is believed that as seniors, the students have already built perspectives and expectations on their abilities to succeed as mechanical engineers. Each student's perspective, being the product of their undergraduate experience, is not likely to change because of the single design course. Even then, the team experience and synthesis of previously learned engineering content contributed productively to their motivational profile. Student perceptions of the intelligence and other aptitudes (team work, creativity, and continuous learning) required for ME had a slight upward trend for the semester. As seniors, students already have well-formed perceptions of ME as a profession, but working on a design project in a team environment that involved creativity and application of content from previous engineering courses reinforced their motivational characteristics.
From Time 1 to Time 3, there was no statistically significant overall change in students' engagement and effort in course and team, perceived climate-professor, and hard work needed to be a ME. These motivational characteristics remained relatively stable over time. Students have already developed motivations for performing well academically. Team projects fostered a collaborative, team-based atmosphere. Student perception of the professor's style did not change significantly over time. The instructor made his expectations clear at the beginning of the course and followed the course outline, aligning learning goals, content, and assessments. Learners found the climate supportive and stable over time. The instructor presented the material in a way that kept students engaged throughout the course. The course was reasonably challenging so that individuals felt continuing to put forth effort would lead to success.
There were several motivational characteristics with slight downward trend. These included: self-efficacy for the course, success expectancies as individual in course, and perceived climate of peers. The demands of design are different from many of the students' previous course experiences, more complex and integrative, requiring willingness to take risks, innovate, problem-solve, and imagine beyond the known. Overall, the trajectories of maintaining generally productive and stable motivational characteristics over the semester, given novel demands and the complexity of the design tasks indicate a positive motivational environment.
Changes over time for correlational patterns in motivational profile
The shifts in clustering across characteristics in students' motivational characteristics were examined to identify adjustments and restructuring of their perceptual frameworks with regard to the course, their place within it, and how it related to their professional identities and futures. The incremental, sequential sets of motivational relationships and their correspondence with class activities were examined by explicitly aligning the point-in-time profiles with course design and outcomes, and examining these data snapshots for convergence and divergence.
The number of significant correlations, at magnitudes 0.05 or 0.04, among different motivational characteristics reduced, and relationships among the motivational factors converged as the course progressed ( Figure 5 ). The total of significant correlations at each point in time (at both magnitudes) was as follows: Time 1: 34 at .04, 59 at .05; Time 2: 32 at .04, 33 at .05; Time 3: 30 at .04, 49 at .05. Some of the nonmalleable motivational characteristics (conscientiousness, persistence, and intrinsic reasons to choose ME) were highly correlated with other nonmalleable characteristics (A) during Time 1 (Figure 2 ). There were significant numbers of relationships among the motivational factors during time 1, both within and across groups of factors: individual differences-predictive (A), individual differences-motivations (B), the perceptions of the course climate and content (C), perceptions of ME. These relationships weakened as the course progressed. During Time 2, many of these relationships diminished, especially direct relationships between stable characteristics (A) and malleable characteristics (B and C). These relationships converged further from Time 2 to Time 3. Many of the motivational characteristics in categories of individual differences-motivational (B), and perceptions of course climate and content (C) were initially highly correlated with each other. In most instances, these correlations remained stable throughout the course, including: self-efficacy for career in ME, learning and future goals, value, relevance, and utility. Self-efficacy for course was highly correlated with many factors during Time 1 and Time 3, less so at Time 2 (Figures 3, 5 , and 6). Correlation between perceived climate-professor (C4) and other motivational characteristics (learning and future goals (B4), self-efficacy for course (B6), engagement and effort in course (B7), value (C1), relevance (C2), and utility (C3)) remained high and stable throughout the course.
Identifying these correlational patterns and their stability over time provides a set of core components characterizing these ME students' motivational profile for ME design, including how sensitive they are to skill development and social experiences. Future research may reveal more clarity and nuances in why these observed patterns occur, and how generalizable they are for ME and across engineering disciplines.
Discussion
This study demonstrated a number of unique findings regarding engineering students' motivational profiles, related to their learning and identity development. Students' motivational profiles consisted of a cluster of perceptual and experiential variables that were strongly correlated with motivational and learning outcomes (illustrated in Figures 2, 4 , and 5). Tracking these factors (mapping multipoint trajectories-of-change data) demonstrated that they changed slightly but not significantly over time ( Figure 3 ). As those patterns corresponded to perceptions of their professor and peer interactions, it appears that they were amenable to instructional intervention and responsive to social modeling. Some of these factors had been used before, generally in single-event, explanatory designs; this study took those relationships to the next level, using more variables than most previous studies, and also tracking their changes and changing relationships, presenting a more complete picture of these students' dynamic motivational profile.
This study also revealed a number of new relationships among factors not previously linked in the engineering education research. It demonstrated links between engineering students' perceptions of their field of study (e.g. requirements for math and science aptitude, degree of structure) and their own self-efficacy and success expectations for both the design course and their careers. This work also revealed what may prove to be important distinctions between engineering students' selfefficacy for, and engagement in, the course generally and team tasks more specifically. These newly revealed relationships offer opportunity to inform new strands of research in engineering education, and they hold promise for improving engineering instruction and the design of dynamic learning environments that support adaptive skill development and innovation.
To develop adaptive skills and embrace innovation as future engineers, students need to be comfortable with ill-structured and open-ended problem-solving. These engineering students indicated a moderate preference for, and perceived competence in, more structured problems and known outcomes, along with high need for cognition and preference for interactive learning environments. Outside of design courses, more structured problems are the most common and familiar, from students' prior educational experiences. Foundational engineering courses need to help students become comfortable with ill-structured problems and develop competencies related to creativity and innovation. There were some decreases in student perceptions of value, relevance, and utility of course material as the course progressed, suggesting a gap between students' expectations of design and their experiences in a design course.
Based on the alignment of data points with the major course assignments, some of the design steps that required abstraction were less well received by students than those with very concrete elements. This finding identifies what further research may reveal to be a critical gap between current instruction and career demands for mechanical engineers with higher-order skills. The trajectory also demonstrated that some productive motivational characteristics adjusted during the time students were challenged to synthesize all of their prior knowledge and experience in the culminating design courses. When compared to traditional motivational models from school settings, these may be viewed as negative changes, but in fact they are patterns similar to those demonstrated by advanced students in other applied design disciplines. 26 They are also similar to patterns found among engineering students 13 and for teachers from other fields learning about engineering. 28 Student responses to situational components for Time 1 had the highest values, with Time 2 the lowest. Very similar trends were noticed for utilization, value, and relevance for content and climate in the course. The students in the course had to write design reports documenting different steps of the design processes, which included analysis of customer requirements, functional analysis, generating ideas, and selection and analysis of ideas. The instructor of the course needs to emphasize the situational component of motivation for the course to ensure that students better understand course assignments and activities. Student responses indicated that the emotional components of motivation for the course remained stable throughout the semester. Principles of Design (AME 4163) was modified to explicitly address motivational features. The course was then evaluated based on motivational characteristics addressed in the SUCCESS framework, using questionnaires with subscales addressing those characteristics. Examining students' motivational profiles provided an opportunity to identify course motivational features. The collection of trajectory data provided information synchronized with the introduction of different course activities, as well as tracking patterns of overall change. Motivational features related to utilization can be improved, and features related to competence were addressed adequately but can still be improved further. The social aspect of motivation was particularly strong, especially in the team environment. Situational and systemic components of motivation need to be enhanced, such as through focus on integration of materials learned in previous courses.
In this work, progress has been made toward identifying key features of engineering students' productive (learning and engagement-related) motivational profiles. A set of frequently used motivation measures, recontextualized for engineering courses and programs, was tested. These measures demonstrated good evidence of reliability and validity for this purpose. The SUCCESS framework was applied to course redesign and to analysis of motivation strategies for engineering education, and the researchers developed engineering-specific strategies to illustrate its utility for the field.
